Abstract Human exposure to air pollutants, including ambient particulate matter, has been proposed as a mechanism for the rise in allergic disorders. Diesel exhaust particles, a major component of ambient particulate matter, induce sensitization to neoallergens, but the mechanisms by which sensitization occur remain unclear. We show that diesel exhaust particles upregulate thymic stromal lymphopoietin in human bronchial epithelial cells in an oxidant-dependent manner. Thymic stromal lymphopoietin induced by diesel exhaust particles was associated with maturation of myeloid dendritic cells, which was blocked by anti-thymic stromal lymphopoietin antibodies or silencing epithelial cell-derived thymic stromal lymphopoietin. Dendritic cells exposed to diesel exhaust particle-treated human bronchial epithelial cells induced Th2 polarization in a thymic stromal lymphopoietin-dependent manner. These findings provide new insight into the mechanisms by which diesel exhaust particles modify human lung mucosal immunity.
Introduction
The prevalence of atopy and asthma has increased worldwide [1] . Allergic disorders result from T cell-derived immune responses that are the consequence of a complex interaction between environmental exposures and genetic susceptibility. Although industrialization and urbanization of populations with an increase in exposures to air pollutants such as ambient particulate matter (PM) has been proposed as a mechanism to explain the rise in allergic disorders, the immunologic mechanisms by which ambient PM enhance allergic sensitization and asthma remain unclear [2] . Diesel exhaust particles (DEP), major components of vehicular-derived ambient PM, induce sensitization to neoallergens [3] . Dendritic cells (DC) are pivotal in the induction and persistence of allergen-induced Th2 responses in the murine lung [4, 5] . Dendritic cells reside in close proximity to bronchial epithelial cells [6] , which have potential to regulate recruitment, maturation, and activation of these DC.
DC induce a polarized Th1, Th2, Th3, or Treg response [7] . The ability of DC to induce each of these responses is determined by signals received when DC are immature [8] [9] [10] . Although DC maturation and polarization has been well studied to be a response to pathogens, cell-cell interactions may also instruct DC responses. We and others have recently demonstrated that primary culture human bronchial epithelial cells (HBEC) synthesize and release chemokines and cytokines with potential to induce DC migration and functional maturation [11] [12] [13] [14] . We previously examined whether DEP instruct DC and showed that low concentrations of DEP did not directly induce DC maturation but induced phenotypic and functional maturation of DC in part, via HBEC-derived soluble signals. Moreover, we demonstrated that granulocyte-macrophage colony stimulating factor (GM-CSF) was one component of the HBEC-derived signal involved in DEP-induced DC maturation [15] . We now expand on this observation and suggest additional mechanisms by which DEP induce DC maturation and polarization that support Th2 responses.
In humans, thymic stromal lymphopoietin (TSLP), a member of the interleukin 7 (IL-7) family of cytokines [16] , induces maturation of myeloid DC supporting Th2 cell polarization [16] and maintenance of the Th2 memory response [17] . TSLP upregulates expression of MCH class II, CD80, and CD83 but not IL-12 family members or type I interferons [18] . In contrast, TSLP upregulates myeloid DC messenger RNA (mRNA) for chemokines that attract neutrophils and eosinophils, as well as thymus and activation-regulated chemokine (TARC/CCL17), which attracts Th2 cells [19] . TSLP-treated myeloid DC induce an inflammatory Th2 response that is associated with IL-5, IL-4, IL-13, and tumor necrosis factor alpha (TNF-α) but low IL-10 [16, 19, 20] . TLSP induces expression of the TNF superfamily protein OX40 ligand (OX40L), engagement of which signals the generation of these inflammatory Th2 cells [18] . TSLP-activated DC also enhance functions of Th2 memory cells in the presence of IL-25 [21] .
TSLP is expressed by human epithelial cells [16, 22] and is increased in asthmatic airways [23] . We therefore examined whether DEP provide signals for DC-induced T cell activation and polarization via epithelial-cell-derived TSLP and propose this as a potential mechanism for DEPinduced airway immune responses.
Methods

Reagents
Dulbecco's modified Eagle's medium (DMEM), MEM, penicillin-streptomycin, fetal bovine serum (FBS), trypsin, ethylene-diamine-tetraacetic acid (EDTA) solution, and phosphate-buffered saline (PBS) were purchased from Gibco Life Technologies (Grand Island, NY, USA). DEP were derived from a 1.6 l Volkswagen Diesel Engine (40 kW) running under standard city driving cycle conditions according to US test protocol FTP 72 (EPA 1992) and were a kind gift of DL Costa (US EPA). DEP were diluted in cell culture medium, vortexed (five times, 10 s), sonicated (1 min), and added to cells in the defined concentrations. Because DEP sediment to the bottom of cell culture dishes, DEP concentrations were based on the available surface area (μg/cm 2 ). Endotoxin content of DEP was measured using the PyroGene™ Recombinant Factor C Assay (Cambrex BioScience) according to the manufacturer's recommendations. Endotoxin activity, in a concentration of DEP ten times higher than that used in most experiments, was below the lower limit of detection (0.01 EU/ml).
Primary culture HBEC were derived after endobronchial brushing during bronchoscopy of normal human volunteers following a protocol approved by the Institutional Review Board of the New York University School of Medicine. HBEC were cultured as described previously [15] and plated on tissue culture plates coated with human collagen (Vitrogen-100, Cohesion Technologies, Palo Alto, CA, USA). Studies were performed with cells in passage 2. Confluent cultures were deprived of hydrocortisone, epinephrine, and retinoic acid for 24 h before exposure studies. 16HBE14o − cells, a simian virus 40 large T antigentransformed HBEC line was generously provided by Dr. D. Gruenert (Univ. of Vermont, Burlington, VT, USA) [24] . 16HBE14o − cells were cultured as previously described [15] .
Monocyte-derived dendritic cells (MDDC) were generated from human peripheral blood monocytes after isolation of peripheral blood mononuclear cells (PBMC) by Ficoll density gradient centrifugation of heparinized blood from healthy volunteers. CD14 + -PBMC were isolated by positive selection using magnetically labeled CD14 antibodies and a magnetic cell separator (Miltenyi Biotech, Auburn, CA, USA) according to the manufacturer's instructions. CD14 + -PBMC were cultured in DMEM supplemented with FBS (10%, v/v), β-mercaptoethanol (5 mM), and supplemented with GM-CSF (50 ng/ml) and IL-4 (10 ng/ml). Immature MDDC (iMDDC) were harvested on day 6, and MDDC were subsequently characterized by flow cytometry as lineage negative (CD3, 14, 16, 19, 20, 2 ) added (3 h). After treatment, cells were washed, detached with trypsin, and relative fluorescence intensity (RFI) determined by flow cytometry.
RNA Quantification
RNA was isolated from HBEC using the Micro-to-Midi total RNA purification System (Invitrogen, Carlsbad, CA, USA). Quantification by real-time PCR was performed using the One-Step Quantitech SyberGreen Real Time PCR kit (Qiagen, Valencia, CA) following the manufacturer's instructions. In vitro transcription was performed using T7/ SP6 RNA polymerase (Invitrogen) followed by complementary DNA (cDNA) digestion (DNAse I, Amplification Grade, Invitrogen) and cDNA purification. Levels of respective transcripts were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) transcript level as an internal control [ΔCt(target)=Ct(target)−Ct(GAP-DH)]. Change in respective transcripts after treatment were assessed by ΔΔCt(target)=ΔCt(target, stimulated)−ΔCt (target, resting).
Quantification of TSLP
TSLP was measured in culture supernatant of HBEC by a commercial ELISA. HBEC were cultured as previously described, supernatant removed, and TSLP measured according to the manufacturer's instructions. The lower limit of detection of the ELISA is 3.5 pg/ml.
siRNA Gene Silencing
For small interfering RNA (siRNA) studies, 16HBE14o − were seeded (70% confluence), and after 24 h, cells were transfected with a siRNA duplex-pool targeted against human TSLP (Dharmacon siGENOME™ SMARTpool M-011166, Dharmacon, Lafayette, CO, USA) using lipofectamine (Invitrogen) according to the manufacturer's instructions. Additional cells were transfected with a nontargeting duplex-pool (siCONTROL, Dharmacon) or siCONTROL RISC-free. After 48 h, cells were again transfected with the same siRNA duplex-pools (48 h).
Transfected 16HBE14o
− were subsequently exposed to iMDDC as described previously.
MLR Assay
Mixed leukocyte reaction (MLR) assays were performed with naive T cells derived from allogeneic PBMC. Allogeneic naive CD4 + CD45RA + CD4RO − T cells were isolated from PBMC using the CD4 multisort kit in combination with a depletion of CD45RO + cells using CD45RO-magnetic beads (Miltenyi Biotech) according to the manufacturer's instructions. T cells (2.5×10 5 ) were cultured (5 days) in 96-well round-bottom microplates in the presence of mitomycin C-treated DC (5×10 3 ). Cells were incubated with BrdU (10 µM, 24 h) and BrdU incorporation by proliferating responder cells was quantified using a BrdU-ELISA according to the manufacturer's instructions.
Cell Polarization DC were exposed to DEP, in the absence or presence of epithelial cells (48 h). Cells were trypsinized and DC were isolated (FACS) from co-culture. Mitomycin C-treated DC were used as stimulator cells to allogeneic naive T cells at a stimulator-responder ratio of 1:10 in round bottom 96-well plates (Costar, Cambridge, MA, USA). After 5 days, T cells were stimulated with rhIL-2 (10 μ/ml) and expanded for another 5 days. On day 10, T cells were washed, counted, and viable cells were re-stimulated with PMA (10 ng/ml) and ionomycin (1 μg/ml) for 24 h. Cell-free supernatants were analyzed for IL-5 and interferon gamma (IFN-γ) using commercially available ELISAs (R&D). The lower detection limits were 3 and 8 pg/ml for each cytokine, respectively. To generate defined polarized DC for comparison, DC were exposed to maturation factors that have been well-described to induce mature DC that support Th1 polarization (MF1). These factors include IL-1β (10 ng/ml), TNF-α (10 ng/ml), IL-6 (100 ng/ml), IFN-γ (50 ng/ml) [25] . Alternatively, DC were exposed to maturation factors that have been well-described to induce mature DC that support Th2 polarization (MF2). These factors include IL-1β (10 ng/ml), TNF-α (10 ng/ml), IL-6 (100 ng/ml), PGE 2 (10 μM) [26] .
Data Analysis
Data are presented as mean±standard error (SE). Experiments were performed from HBEC derived from at least three individual donors. Significance was determined by Student's t test, with a p<0.05 considered significant.
Results
DEP Induced TSLP Expression by HBEC
Although there is increasing information about the regulation of TSLP, the stimuli that induce TSLP in airway cells remain incompletely described [27, 28] . We first investigated whether DEP and proinflammatory stimuli induced TSLP transcripts in primary culture HBEC. HBEC were treated with defined agents (4-18 h) and RNA isolated. DEP was used at a physiologically relevant concentration (3 μg/cm 2 ), previously shown to induce cell activation without cell toxicity [15] . Exposure of HBEC to DEP induced a rapid (4 h) and persistent (18 h) increase in TSLP mRNA compared to resting HBEC (10.7±1.5-and 15.1± 4.3-fold induction respectively, n=3, mean ± SE, p<0.05; Fig. 1a) . Exposure of HBEC to PMA (10 nM) resulted in a delayed increase in TSLP (11.1±1.3-fold increase, 18 h). In contrast, neither LPS (1 μg/ml) nor carbon particles (3 μg/cm
2 ) induced TSLP mRNA in HBEC at either time point (Fig. 1a) (Fig. 1b) . Thus, DEP induced TSLP transcripts in both primary and transformed HBEC.
To confirm that TSLP transcripts were associated with TSLP expression, HBEC were treated with DEP, PMA, carbon, or LPS in the previously defined concentrations, and TSLP release in supernatants was determined by a commercial ELISA. TSLP expression was upregulated in HBEC exposed to DEP and PMA but was not increased compared to PBS in supernatants derived from HBEC treated with carbon or LPS (Fig. 1c) .
To investigate whether upregulation of TSLP mRNA in HBEC was mediated by the induction of ROS, we first confirmed the ability of DEP (3 μg/cm 2 ) to induce ROS using carboxy-H 2 DCF-DA, an oxidation-sensitive fluorescent probe. RFI was increased in DEP-treated compared to resting 16HBE14o
− cells (641±126.1 vs 269±65.3, respectively, mean±SE, n=4, p<0.05), and a representative experiment is shown in Fig. 2a . Carbon particles failed to induce ROS (data not shown).
To examine whether DEP-induction of ROS was associated with TSLP transcription, we used NAC, an anti-oxidant that is a precursor of glutathione and increases free radical scavenging. Bronchial epithelial cells (16HBE14o − ) were exposed to DEP (3 μg/cm 2 ) in the absence or presence of the NAC (25 mM), and TSLP mRNA measured. DEP-induced TSLP mRNA was significantly decreased in the presence of NAC (17.8±10.4-vs 4.3±2.1-fold induction above resting, respectively; n=3; p<0.05; Fig. 2b ). These data suggested that oxidantinduced pathways were associated with the DEP-induced TSLP mRNA in bronchial epithelial cells.
TSLP Derived from DEP-treated HBEC and Functional DC Maturation
We have previously demonstrated that exposure of iMDDC to DEP-treated HBEC, but not to DEP alone, results in phenotypic and functional maturation of MDDC [15] . As TSLP has been proposed as an epithelial-cell-derived cytokine that regulates T cell differentiation via its effect on DC maturation [16] , we examined whether DEP-induced upregulation of TSLP mRNA in HBEC was associated with functional MDDC maturation. HBEC were cultured, treated with DEP (3 μg/cm 2 ), and iMDDC added (48 h). Cells were subsequently disassociated and MDDC flow-sorted from the co-cultures. MDDC were used as stimulator cells in an MLR (24 h, 1:50; DC/T cell), and proliferation of T cells was measured by BrdU incorporation [15] . MDDC isolated after exposure to DEP-treated HBEC supported an increased T cell proliferation compared to MDDC exposed to resting HBEC (2.6±0.4-fold increase, n=3; p<0.05; Fig. 3 ). Results were similar with 16HBE14o − cells, and the effect was not seen with carbon particles at a similar dose (data not shown). Anti-TSLP Ab included during exposure of MDDC to DEP-treated epithelial cells significantly but incompletely reduced the ability of those MDDC to support T cell proliferation above that of resting (1.6±0.2-fold above resting, n=3). These data suggested that TSLP participated in functional maturation of MDDC exposed to DEP-treated HBEC.
To confirm that DEP-treated HBEC induced MDDC maturation via epithelial-cell-derived TSLP, we silenced mRNA encoding for TSLP in 16HBE14o − cells and tested whether these cells retained the ability to induce MDDC maturation in response to DEP (Fig. 4) . 16HBE14o − cells were transfected with siTSLP duplex pools, a control nontargeting siRNA duplex-pool (siCONTROL), or a nontargeting siRNA duplex pool that does not activate the RISC pathway. Cells were subsequently treated with DEP, and iMDDC were added to the culture (48 h). MDDC were harvested and functional maturation of MDDC was monitored by MLR. MDDC that had been exposed to DEP-treated 16HBE14o − cells and vehicle control induced a significant increase in T cell proliferation compared to MDDC exposed to resting 16HBE14o − cells (2.1±0.3-fold increase, n=3, p<0.05; Fig. 4 ). MDDC exposed to DEPtreated 16HBE14o − cells that had been transfected with control non-targeting siRNA duplex-pools retained the ability to induce T cell proliferation to a level similar to that of untransfected cells. In contrast, MDDC exposed to DEP-treated 16HBE14o − cells that had been transfected with siTSLP duplex pools failed to induce T cell proliferation above that of resting cells. These studies confirmed the ability of DEP-induced epithelial-cell-derived TSLP to stimulate functional MDDC maturation.
DEP and DC Polarization
The ability of DC to support T cell polarization depends on their ability to express T helper polarizing cytokines [29] . Dendritic cells activated by TSLP express OX40L and Th2-attracting chemokines such as TARC/CCL17 but not Th1 cell polarizing cytokines such as IL-12 or interferon IFN-γ [16, 19] . We therefore examined whether human myeloid DC derived from whole blood and exposed to DEP or DEPtreated HBEC displayed a pattern of markers consistent with Th2 priming DC. Myeloid DC were exposed to maturation factors that have previously been described to induce mature DC that support Th1 polarization (MF1) [25] . Alternatively, myeloid DC were exposed to maturation factors that induce mature DC, which support Th2 polarization (MF2) [26] . Exposure of myeloid DC to MF1 resulted in small but significant increases in mRNA for . RNA was isolated from DC and quantified for IFN-γ, IL-12p35, TARC, or OX40L by real-time PCR and expressed as fold increase compared to unstimulated (mean±SE, n=3). b Immature myeloid DC were exposed to epithelial cells (16HBE14o − ) in the presence of MF1, MF2, DEP, or anti-TSLP Ab. DC were sorted by FACS, and RNA was isolated from DC and quantified for IFN-γ, IL-12p35, TARC, and OX40L by real-time PCR (mean±SE, n=3).
IFN-γ, IL-12p35, and less TARC, and OX40L (Fig. 5a) . Myeloid DC exposed to MF2 failed to upregulate IFN-γ or IL-12 but induced a high level of TARC and OX40L (Fig. 5a ). These cytokine patterns are consistent with the generation of DC that would support Th1 and Th2 T cell polarization, respectively [19] . In contrast to myeloid DC exposed to MF1 or MF2, myeloid DC exposed to DEP did not express elevated levels of any of these markers, consistent with the absence of Th2 polarization by direct exposure of DC to DEP (Fig. 5a) .
To examine whether HBEC regulated the DC response to DEP, myeloid DC were exposed to 16HBE14o − cells treated with MF1, MF2, or DEP. Dendritic cells were subsequently disassociated and myeloid DC flow-sorted (CD11c + ) from the DC-HBEC co-cultures by FACS. DC mRNA was measured for IFN-γ, IL-12p35, TARC, and OX40L (Fig. 5b) . Myeloid DC exposed to resting 16HBE14o − cells expressed a Th2 bias, with an increase in TARC and OX40L compared to IFN-γ and IL-12p35. As expected, levels of TARC and OX40L remained low in the presence of MF1 but were elevated when cells were exposed to MF2. Myeloid DC exposed to DEP-treated 16HBE14o − cells expressed elevated TARC and OX40L, consistent with a Th2-priming pattern. These data suggested that DEP-induced epithelial-cell-derived signals were associated with polarization of DC.
To determine whether the polarized response of myeloid DC in the presence of DEP-treated epithelial cells was dependent on TSLP, we performed experiments in the presence of anti-TSLP Ab (Fig. 5b) . The increased TARC and OX40L mRNA induced by DEP was significantly reduced in the presence of anti-TSLP Ab. These studies suggested that DEP-treated bronchial epithelial cells supported the generation of DC with the potential to elicit a Th2 response via TSLP.
DC exposed to DEP-treated Epithelial Cells Induce T Cell Polarization
To confirm that DEP-treated bronchial epithelial cells elicited DC with a functional ability to induce Th2 polarized T cells, T cells were stimulated with isolated myeloid DC that were untreated or that had been exposed to bronchial epithelial cells (16HBE14o − cells). T cell supernatants were isolated and IL-5 and IFN-γ measured by ELISA and expressed as cytokine concentrations (Table I) or as the IL-5/IFN-γ ratio (Fig. 6 ). As expected, T cells exposed to myeloid DC treated with MF1 expressed low levels of IL-5 and high levels of IFN-γ (Table I) . T cells exposed to myeloid DC treated with MF2 expressed high levels of IL-5 and a lower level of IFN-γ compared to those exposed to MF1. We previously showed that DEP-treated myeloid DC fail to stimulate T cell proliferation [15] , and in these current studies, exposure of T cells to DEP-treated myeloid DC failed to induce IL-5 consistent with absence of Th2 polarization. T cells exposed to DC cultured with resting epithelial cells (16HBE14o − ) showed an IL-5/IFN-γ ratio that was elevated compared to that seen in T cells exposed to DC cultured with MF1 (Fig. 6 ). T cells exposed to myeloid DC that had been cultured with DEP-treated epithelial cells released IL-5 and IFN-γ and had a high IL-5/IFN-γ ratio that was greater than that seen for cells exposed to DC cultured with resting epithelial cells and similar to the ratio seen in T cells exposed to DC that had been cultured with MF2 and epithelial cells (Fig. 6) .
To test whether TSLP was associated with the elevated IL-5/IFN-γ ratio, T cells were exposed to myeloid DC that had been cultured with DEP-treated epithelial cells in the presence of anti-TSLP Ab. The presence of anti-TSLP during the DC-16HBE14o − co-culture resulted in a significant DC were derived from the defined culture conditions (MF1, MF2, and DEP) in the absence or presence of 16HBE14o − cells (16HBE). When indicated, IgG or anti-TLSP was included during the DC-16HBE co-culture. Naive T cells were stimulated by DC (5 days), expanded (5 days) and treated with PMA and ionomycin (24 h) in a standard T cell polarization assay as described in "Methods". Supernatants from T cells were analyzed for IL-5 and IFN-γ by commercial ELISA. Data are presented as mean±SE, n=3 (*p<0.05 for an increase vs 16HBE+medium).
decrease in DC-stimulated T cell-derived IL-5/IFN-γ ratio (Fig. 6 ). These studies suggested that DEP-treated epithelial cells induced functional polarization of DC as determined by the polarization of naive CD4 + T cells and that TSLP was necessary for this response.
Discussion
The role of pollutants in the development of allergic disorders has gained increased recognition, [2] and the importance of DC and allergic diseases is increasingly being recognized [4] . We have previously suggested that DEP modify airway immune responses via activation of epithelial cells resulting in maturation of DC [15] . We now expand our previous observation and demonstrate that DEP-treated airway epithelial cells upregulate TSLP in an oxidant-dependent manner and, furthermore, that airway epithelial-cell-derived TSLP results in functional maturation and Th2 polarization of DC.
TSLP promotes DC-mediated Th2 responses and augments responsiveness to T cell receptor engagement [30] . Thus, TSLP has the potential to modify airway immune responses in multiple ways. Upregulation of human TSLP by IL-1β, TNF-α, or selective toll-like receptors (TLR2, 8, and 9) has been shown to be mediated via NFκB in human airway epithelial cells [27] . More recently, Il-4, IL-13, and rhinovirus have been shown to upregulate TSLP mRNA in a corticosteroid-sensitive manner in human epithelial cells [28] . We now show that DEP upregulate TSLP in HBEC and that this upregulation was rapid and prolonged. The increase in TSLP mRNA induced by DEP was associated with an increase in TSLP protein release by HBEC. Moreover, we demonstrated that, as expected, DEP induced ROS in epithelial cells and that TSLP was upregulated in an oxidant-dependent manner. These data provide information about additional stimuli for epithelial cell-derived TSLP and suggest a mechanism by which ambient environmental stimuli have the potential to upregulate this immunoregulatory cytokine.
DC maturation is functionally characterized by the ability to support T cell proliferation. We now show that DEP-treated epithelial cells induced DC that supported DC maturation as measured by a MLR. This effect was dependent on TSLP, as both a blocking antibody and silencing epithelial-cell-derived TSLP inhibited the ability of DEP-treated epithelial cells to induce myeloid DC that supported T cell proliferation.
DC that induce Th2 responses are characterized by their low level expression of IFN-γ and IL-12 but high level expression of chemokines associated with Th2 recruitment, such as TARC. Moreover, expression of OX40L by DC has been shown to be TSLP-induced and to trigger inflammatory Th2 cells [16, 19] . Direct exposure of myeloid DC to ambient outdoor air from the city of Baltimore has recently been shown to directly induce a complex Th1/Th2-like pattern of T cell activation [31] . Our previous studies [15] and this current study failed to demonstrate functional maturation and phenotypic polarization of myeloid DC exposed directly to DEP alone. Although we were able to detect TARC and OX40L in DC exposed to MF2, direct exposure of DC to DEP failed to induce TARC or OX40L in our studies. Our data suggest the importance of additional cell-derived signals in the induction of DEP responses and the abundance of airway epithelial cells, and their presence as a first target for inhaled particles suggest their important role in microenvironmental regulation of DC. Indeed, our data now show that DEP-treated epithelial cells induce DC that express both TARC and OX40L and thus have the potential to trigger inflammatory Th2 cells. Furthermore, expression of TARC and OX40L is inhibited in the presence of anti-TSLP, suggesting a role for DEPinduced TSLP. Finally, and importantly, we demonstrated that DEP-treated epithelial cells stimulated myeloid DC that were capable of inducing T cells characterized by a Th2 polarized response with an increased IL-5/IFN-γ ratio.
These data suggest an important cell-cell interaction between DC and associated epithelial cells. We have previously shown that HBEC synthesize and release chemokines with potential to recruit immature DC in response to ambient PM [14] . We and others have shown that ambient PM or DEP induce airway epithelial-cellderived pro-inflammatory and immunoregulatory cytokines [11] [12] [13] 32] . We previously demonstrated that DEP-induced epithelial cell-derived GM-CSF was required but not sufficient for DEP-induced maturation of DC [15] . Our current studies suggest that resting epithelial cells induce DC that bias toward a Th2 polarization as shown by an intermediate IL-5/IFN-γ ratio, although they do not support T cell proliferation. However, DEP-treated epithelial cells induce both functional DC maturation that supports T cell proliferation and a marked increase in the IL-5/IFN-γ ratio, consistent with a strong ability to induce Th2 polarization.
Conclusion
We extend our previous observations and show that TSLP derived from DEP-treated epithelial cells induce myeloid DC maturation that supports a polarized Th2 response. These data suggest that DEP have the ability to modify DC towards a Th2 type response through a complex interplay of epithelial cell-derived cytokines, a finding that has important implications for understanding the role of environmental pollutants in the development of mucosal immunity and airway diseases.
